The enterprise applications consist of a set of applications that make up the software ecosystem. These can be developed in-house or acquired from third party companies. Generally these applications are developed in order to meet a demands/specific business need of the company without worrying of interacting with another existing system. The area of Enterprise Application Integration (EAI) is able to provide all techniques and tools in order to integrate heterogeneous applications software ecosystem of companies. The Guaraná DSL is a language that enables designing conceptual models of integration solutions using a concrete graphical and intuitive syntax. Integrating the applications is not a trivial task and solution development involves addition of costs (time and resources), risks such as the appearance of bugs that most often are observed only after the implementation of the conceptual model. In this paper we propose a simulation model using Petri Nets that enable the analysis of the behavior of an integration solution developed to a real-world integration problem at Unijuí University.
Introduction
Software applications have become indispensable in the business environments. Enterprises usually buy third-party software packages or develop their own applications. In both cases it is common that there is no concern for their integration. Usually, this creates a problem and makes difficult software reuse whenever there is a new business process, or a current process that needs to be evolved and uses support of existing applications in the enterprise. There are software packages what can be purchased by companies, generally developed without having integration in mind.
It is common for the enterprise to create or buy, external applications to address their demands, when your software ecosystem becomes inefficient with respect to new data or functionality. A software ecosystem consists of a set of software solutions that support and automate activities and transactions of users 1 . A software ecosystem refers to a set of applications that provide a degree of relation 2 . To avoid unnecessary additional costs with the implementation of an integration solution it is important to analyze it to ensure the solution does not have any problem, chiefly regarding its performance 12 . An alternative would simulate the integration solution. The simulation is a way to analyze the behavior of a system, which is represented by a simulation model.
An integration solution is modeled using the Domain-Specific Language (DSL) of Guaraná platform. Guaraná DSL is composed of a set of applications and tasks that cooperate to integrate the different applications. In an integration solution messages are transmitted and contain information that is synchronized amongst applications 3 . Its representation is by means of a conceptual model, which describes the organization of the components in a high-level of abstraction. There are several platforms to implement integration solutions. Integrating applications is not a trivial task and solution development may involve additional costs, riscs, such as the appearance of bugs and performance bottlenecks that are usually observed after implementation.
Enterprise Application Integration (EAI) consists of a response to decades of building monolithic applications, which were not designed to work together with other applications. The EAI aims to solve a problem that has existed since the beginning of the first applications development: the difficulty of integrating applications that were created separately 4 . It is a combination of technologies that have the role of organizing business processes, offering integration between applications with no changes in its data structures. From a business point of view, is a unified information system with easy access to valuable and decisive information inside an enterprise. Proposes the use of integration solution, to provide communication between applications.
A method of Enterprise Application Integration should be functional and inexpensive 4 . Enterprises generally seek to analyze, still in the design phase, the integration solutions. All analysis done at this stage leads the possibility to observe the behavior of the solution, and identify potential performance bottlenecks. The identification of bottlenecks in the early stages of development can contribute to improve the quality of integration solutions.This paper proposes a formal simulation model, using Petri Nets, to analyze the behavior of the integration solution that synchronizes several services to students in the academic context of the Unijuí University. This paper is structured as follows: Section 2 presents background information of Guaraná DSL and Petri Nets; Section 3, presents the case study; Section 4, comes up the simulation model using Petri Nets; and, Section 5 comes up the conclusion and future work.
Background
This section provides a brief introduction to Guaraná DSL, which is used for conceptual modeling of the integration solutions, and Petri Nets, which are used for the development of the formal simulation model.
Guaraná DSL
A Domain Specific Language (DSL) is tailored to focus on a single and concrete domain and accurately describes its semantics 5 . Guaraná DSL is among the various technologies available to develop conceptual models of enterprise application integration solutions. The models designed with Guaraná DSL have a high-level of abstraction and are platform-independent 6 . This language has a graphical concrete syntax and it provides support for application integration patterns documented by Gregor Hohpe and Bobby Woolf 7 .Guaraná DSL provides building blocks to represent several integration patterns, which include resources, processes, ports, tasks, and slots 8 . Table 1 shows the concrete sintax of these building blocks in Guaraná DSL language. A message is the abstraction of information that is exchanged and transformed by the integration solution, it consists of header and body. A task has inputs and outputs, through which flows messages and they communicate one each other by means of slots. A slot interconnects two tasks, allowing them to exchange messages asynchronously. Ports interact with applications by sending and receiving messages. The integration process contains the logic that performs processing, routing, modification and operations on the messages specified by using the different kinds of tasks of the language.
The routers are responsible for directing an inbound message to zero, one or more destinations, or yet replicate, correlate, or ordering of messages in the flow of an integration solution. The modifiers are responsible for adding or removing data from messages without changing their schema. Transformers, transform the contents of the message to another format by changing their schema. Timers, allow to control time within the integration flow. Guaraná DSL by Gregor Hohpe and Bobby Woolf 6 is based on Pipes and Filters architecture. In wich, a process can be divided into a number of independent service (filters), which are connected by channels (pipes). In Guaraná DSL, pipes are implemented by slots, and filters are implemented by tasks.
Petri Nets
Petri Nets (PNs) it was proposed by Carl Adam Petri, and according to Norian Marranghello 9 it is a general purpose mathematical tool. It is use, to model the behavior of discrete event systems, describing the relationship between conditions and events and allow analyzing properties such as parallelism, synchronization, and resource sharing 10 . Are formed by two components: an active, called the transition (rectangle) and other liabilities denominated place (circle). The places are equivalent to the state variables and transitions correspond to the actions performed by the system. These two components are connected by directed arcs. The token is represented graphically by a point inside a place. Petri Nets use different mathematical theories in its bases, such as bag theory, matrix algebra, and theory advocated by relations 11 . They are composed of Places, Transitions, and Arcs. A place equivalent to the state variables. A transition corresponds to the actions performed by the system. An Arch connecting places to transitions and can be classified into single or multiple. Figure 1 , shows the notation of these elements. Petri Nets can be classified according to their degree of abstraction, therefore, they can be separated into low and high-level. There are extensions that can cover low-level Petri Nets and high-level, which seek to include hierarchies and temporal aspects. Amongst them should be highlighted: the colored extensions, in which it is possible to have different types of tokens; hierarchical extensions, which aims to reduce the model size; timed extensions that add time to the models. Timed Petri Nets, can be divided into deterministic and stochastic. The deterministic, work with absolute time on implementation of the corresponding events, and the stochastic considers uncertainties in the moment of the execution of the events by associating probability functions to the system, which allows the determination of the run time 9 .
Case Study
This section introduces the integration problem and its corresponding conceptual model designed using Guaraná DSL. The goal of this integration solution is to automate the generation of a list of all the subjects that a student did not attended yet and that will be offered in the next semester.
Software Ecosystem
The proposed solution involves five applications: Web Portal, Registration Subjects, Student Registry, Billing System and Mail Server. In this context, each application runs on different platforms. These applications were developed by the university. These applications are heterogeneous and they may cooperate to support the reenrollments process. The mail server provides POP3 and SMTP interfaces. The Web Portal provides a variety of information for students, such as the disciplines already routed, the percentage already done the course. It is also where there are processes such as re-enrollments, so that every semester students must apply through the Portal disciplines who wish to attend the next semester. The Student Registry provides a database with information such, as name, RG student and enrolled course. Registration Subjects provides a database that contains information such, as the name of discipline, its course, semester, classes available and date. When a student is performing their registration or enrollment renewals through the Portal, it is possible through the information acquired in the application Student Registry, consult the application Registration Subjects, which subjects the student not yet realized and what disciplines will be offered next semester. Starting from this information to generate a list of possible subjects to be processed through the next academic semester. From the list of subjects, it is possible to check the price of the subjects in the Billing System, and generate the price of the subjects in the subjects list. This list may be sent to the student by email, using the Mail Server.
Conceptual Model
The integration solution takes the requests from students from the web portal of Unijuí University through port P1 and produces messages which are stored into slot S1, see Fig. 1 .Task T1 filters inbound messages, only accepting applications for enrollment renewals, which were held within the enrollment period. So, accepted requests are used to query the student registry application by means of port P2 for more information relating to the student who made the request. Task T2 is responsible to produce this query message. Task T3 replicates the response message from the Student Registry application. One copy is used to query the Registration Subjects, by means of port P3, for a list of disciplines present in the course in which the student is enrolled. The other copy (base message) waits in the inbound slot S6 of task T5, for its correlated response message so that both messages are made available to task T6, which enriches the base massage with the data from the response message. Task T7 discards messages that contain subjects that the student has already done and also subjects that are not offered in the next academic semester. After this, then Task T8 again replicates the message. One copy is used to query the Billing System, by means of port P4, for the cost of each subject. Task T11 enriches the base message with the cost of the subjects returned by the Billing System. Then, messages are transformed into an email message by task T13, containing the list of subjects and their costs, and forwarded to the Mail Server by means of port P5. 
Simulation Model
The development of a simulation model comprises the three big steps explained by Ray Paul and David Balmer 13 : formulation the model, the model implementation, and the analysis of results. The behavior of a simulation system is based on a simulation model. After being built the model, it is possible for it to be validated by simulation. From the validation of the model it becomes possible to identify performance bottlenecks looking for to reduce costs of implementation, risk and time. Table 2 presents the mapping of the building blocks from Guaraná DSL, as to its corresponding notation in Petri Nets. Fig. 2 shows the corresponding simulation model using Petri Nets proposed in this paper to enable the simulation of the conceptual model of the case study. Table 2 . Translating elements from Guaraná DSL into Petri Nets.
Conclusion
A simulation model could provide many advantages, including: reducing costs, performance bottlenecks identification and optimization of the time spent by software engineers in the implementation of the model itself. This paper presents a proposal for a formal simulation model based on Petri Nets built from the conceptual model of an integration solution developed with Guaraná DSL. As future work, it is proposed to carry out simulation model using a simulation software, with the objective to identify potential performance bottlenecks in the integration solution. 
